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reduction in total hip arthroplasty for high
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Background: Hip reduction in total hip arthroplasty for high dislocated hips is difficult. Various femur osteotomy
procedures have been used for hip reduction, but these methods increase operative time and risk of nonunion. We
investigated the efficacy of a novel partial greater trochanter osteotomy technique for hip reduction in total hip
arthroplasty for patients with high hip dislocation.
Methods: Twenty-one patients (23 hips) with high dislocated hip were treated with total hip arthroplasty that
included partial greater trochanter osteotomy, i.e., the upper 2/3 greater trochanter was resected, and the gluteus
medius muscle attachment was spared. The clinical outcome was evaluated by comparing the Harris hip scores and
radiographic exam results, obtained before surgery and at follow-ups.
Results: Follow-ups of 21 patients ranged from 13 to 56 months. The mean Harris hip score increased from
preoperative 55.0 (36–69) to postoperative 86.1 (71–93; P = 0.00). The average preoperative leg length discrepancy
in patients with unilateral high hip dislocation was 46 mm (28–65 mm); postoperatively leg length discrepancy was
less than 1 cm in 11 patients, between 1 and 2 cm in 8 patients, and more than 2 cm in 2 patients. The average
leg lengthening at the time of surgery was 36 mm (24–54 mm). Trendelenburg’s gait changed from positive to
negative in 20 hips by the last follow-up. No nerve injury occurred postoperative.
Conclusion: Partial greater trochanter osteotomy is an effective method to render hip reduction in total hip
arthroplasty for patients with high dislocation of the hip.
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Total hip arthroplasty (THA) has proved to be an effect-
ive treatment for osteoarthritis or limited mobility sec-
ondary to high dislocated hip. However, it is a difficult
procedure for surgeons because of the associated ana-
tomical abnormalities [1-3]. Hip reduction of the high
dislocated hip is a considerable challenge because of the
long-term soft-tissue contracture and high neurovascular
injury risk after THA.
Many surgical options are available for reduction of
femoral head dislocation, including trochanteric [4], sub-
trochanteric [5,6], lesser trochanter osteotomy [7], and
greater trochanter osteotomy of the femur [8]. However,* Correspondence: kunzheng_wang@126.com
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unless otherwise stated.these techniques carry a risk of nonunion and recurrent
dislocation [9-11]. The reported overall rate of complica-
tions has ranged from 15% to 40% [5,12,13]. In addition,
the extended operative time required for osteotomy in-
creases the risk of infection. Rehabilitation may also be
prolonged to assure healing of the trochanteric osteotomy.
Iliofemoral distraction with external fixators before THA,
followed by traction and delayed reduction [14,15], has
been described as an alternative to femoral shortening
osteotomy. However, these techniques are uncomfortable
for patients.
Herein we describe a novel hip reduction method
using partial greater trochanter osteotomy during THA
for high dislocated hip, and assess the effectiveness and
safety of this procedure.This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
g/publicdomain/zero/1.0/) applies to the data made available in this article,
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Figure 1 Illustration of partial greater trochanter osteotomy.
(A) Before surgery. (B) After surgery. Intraoperative steps: 1) peel off
the gluteus medius muscle attachment in the upper 2/3 of the
greater trochanter; 2) partial greater trochanter osteotomy; 3)
femoral neck osteotomy line.
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The Ethics Committee of our hospital, the Second Hospital
Affiliated to Xi’an Jiaotong University, approved the study
protocol. All the study participants provided written in-
formed consent for the study.
Patients
Twenty-one patients (23 hips, 5 men and 16 women)
with high dislocated hip received partial greater trochan-
ter osteotomy during THA between May 2008 and
March 2013. Based on the Crowe classification [16], all
the high dislocated hips of the patients were in class
Crowe- IV. Nineteen hips had developmental dysplasia;
the other 4 high dislocated hips were due to childhood
hip infections. The average age of the patients at the
time of surgery was 44.6 years (range, 19–59 years). The
indications for THA were severe hip pain or limited mo-
bility. One experienced surgeon (Dr. Wang) performed
all the surgeries.
Evaluation of clinical outcome
An author who was not involved in the surgery con-
ducted the clinical evaluations. Radiographic data were
obtained for all the patients prior to surgery and at
follow-up examinations. Routine radiographs included an-
teroposterior and lateral hip views. Preoperative antero-
posterior radiographs of hip joint were taken to assess the
severity of the dysplasia and anatomical variations of the
acetabulum and proximal femur. Computed tomography
scan was performed to evaluate the bone stock around the
true acetabulum and the shape of the proximal femoral
cavity. The stability of the acetabular components was
assessed radiographically using the method introduced by
DeLee and Charnley [17], and that of the femoral compo-
nents by the method of Gruen et al. [18]. The clinical out-
come was judged based on the Harris hip score [19]. In
addition, Trendelenburg’s sign was recorded to measure
abductor muscle strength, and leg length was compared
before and after surgery by measuring the distance from
the anterior superior iliac spine to the medial malleolus.
Surgical technique
The THAs were performed with patients in a lateral de-
cubitus position, via a posterolateral approach. The
superficial fascia was opened, the gluteus maximus was
separated to expose the short external rotation, pirifor-
mis, and gluteus medius muscles. The gluteus medius
muscle was pulled laterally. The short external rotator
muscles and piriformis tendon were divided at their in-
sertion site on the trochanter and separated carefully
from the posterior capsule. The short external rotators
and piriformis tendon were cut out at the side clinging
to the intertrochanteric ridge. (To stabilize the hip and
reduce the rate of dislocation, after insertion of the finalhip prosthesis component, the short external rotator
muscles and the piriformis tendon were repaired the
same like the previous studies [20,21]). The posterome-
dial edge of the gluteus medius was then identified, and
the gluteus medius muscle tendon which attaches in the
upper two-thirds of the greater trochanter was detached
from the lateral facet greater trochanter with a bone
stripper, after detaching the medial rim of the gluteus
medius muscle. The upper two-thirds of the greater tro-
chanter was resected in a posterior-to-anterior direction,
which also released the gluteus medius muscle. During
the procedure, care was taken to protect the attachment
of the gluteus medius muscle tendon and minimize in-
jury to it, and the attachment of the gluteus medius in
the spared greater trochanter was purposely kept intact.
(A diagram of the partial greater trochanter osteotomy is
shown in Figure 1).
After the upper 2/3 greater trochanter resection, A
trial reduction of the hip was performed to assess the
tension of the soft tissue around hip joint. With the cen-
ter of hip rotation displaced inferior-interiorly, the path
of the gluteus medius muscle was changed from hori-
zontal to oblique. The distance between its origin (the
outer surface of the ilium) and insertion (the greater tro-
chanter of the femur) was relatively shortened and the
length of the gluteus medius muscle was relative length-
ened, and this rendered the hip reduction easier.
The femoral neck osteotomy was conducted above the
lesser trochanter. The proximal femoral canal was pre-
pared, and the anteversion angle of the femoral neck
was estimated. After this, the true acetabulum was iden-
tified, by dissection of the inferior part of the elongated
capsule, and exposed. The joint capsule, scar fibrous tis-
sue, and osteophytes around and within the acetabulum
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was reamed at a designated angle of abduction and ante-
vertion, without perforating the inner medial cortex of
the acetabulum. The orientation of the reconstructed
acetabulum was considered in combination with the
anteversion angle of the femoral prosthesis [22]. After
the acetabular component was seated in the acetabulum,
the femoral prosthesis was implanted. If the bone cover-
age of the acetabular component was less than 70%, a
structural autograft was required from the resected fem-
oral head, with bone screws for fixation to the upper
border of the acetabulum.
Before performing the hip reduction, the hip adductor
tension was determined by abducing the hip joint. Sub-
cutaneous release of the adductor was done to reduce
overly high adductor tension, which can limit the hip re-
duction and is apt to result in postoperative hip disloca-
tion. To avoid neurovascular injury around the hip
resulted from over-tension, the hip and knee joint was
kept at 30° flexion during the traction reduction.
All components were cementless. The Bicontact® Uni-
versal Hip System (Aesculap, B. Braun, Germany) was
used in 8 patients, and PROFEMUR® Total Hip System
and LINEAGE® Acetabular Cup system (Wright, USA)
was used in 6 patients. CombiCup® System and LCU® Hip
prosthesis stems (LINK, Germany) was used in 6 patients.
An acetabular cup and femoral prosthesis (models LB/TL
and JA/W, respectively; Beijing Montagne Medical Device,
China) was used in one patient.
Postoperative rehabilitation
To protect the neurovascular tissue, flexion of the hip
and knee at 30° was maintained with the patient on the
bed during the first postoperative week. Low-molecular-
weight heparin or rivaroxaban tablet was administered,
and early functional exercise of the lower limb was en-
couraged to prevent venous thrombus. Partial weight-
bearing was allowed one week postoperatively, except
for patients who suffered intraoperative femoral frac-
tures. The patients with intraoperative femoral fracture
were allowed to walk after two months. Full weight-
bearing was usually permitted 3 months after surgery.
Statistical analyses
The Wilcoxon rank test was used to compare the
Harris hip scores before and after surgery. SPSS software
(Version 11, SPSS, Chicago, IL) was used for statistical
analyses. A P-value < 0.05 was considered statistically
significant.
Results
The average follow-up period was 29 months (range,
13–56 months). The mean hip Harris score significantlyimproved from preoperative 55.0 (range, 36–69) to post-
operative 86.1 (range, 71–93; P = 0.00). Preoperatively,
the average leg length discrepancy in patients with uni-
lateral high dislocated hip was 46 mm (range, 28–
65 mm). Postoperatively, the leg length discrepancy was
less than 1 cm in 11 patients, between 1 and 2 cm in 8 pa-
tients, and more than 2 cm in 2 patients. The average leg
lengthening at the time of surgery was 36 mm (range, 24–
54 mm). All the patients had a positive Trendelenburg’s
sign before surgery; this persisted in 3 hips at the last
follow-up examination.
The radiographic evaluation showed no aseptic loosen-
ing of the components (Figures 2 and 3). There were 4 in-
traoperative fractures of the proximal femur, which fixed
by cerclage wire intraoperative and healed 3 months after
surgery. There was no dislocation, nerve palsy, infections,
or deep venous thrombus in any of the patients.
Discussion
Hip reconstruction in anatomical position can achieve
optimal biomechanical results during THA in patients
with high dislocated hip. However, for patients with high
hip dislocation, reduction is implemented with great dif-
ficulty due to soft tissue contracture around the hip and
the high risk of neurovascular injury. With the femur
displaced proximally, the path of the gluteus medius
muscle is changed from oblique to near horizontal and
its length becomes shorter in the high dislocated hip [3].
Our osteotomy technique resected the upper two-thirds of
the greater trochanter, and retained the insertion of the glu-
teus medius muscle in the spared greater trochanter. This
surgical procedure releases the gluteus medius muscle and
lengthens it, and changes the path of the gluteus medius
muscle with hip reduction, reducing the distance between
its origin and insertion and making the hip reduction easier.
Concomitant with femoral head dislocation in patients with
high dislocated hip, the adductor muscle is also contracted,
which results in excessive adductor tension. For the sake of
maintaining abductor-adductor balance and hip stability,
subcutaneous adductor tenotomy was done to make hip re-
duction easier and avoid postoperative hip dislocation
arised from excessive adductor tension.
Hip reduction without femur shortening osteotomy dur-
ing THA in the high dislocated hip has been discussed by
Zhao et al., Wu et al. and Yan et al. [23-25]. For some time
we performed THA [26] in the high dislocated hip using
extensive soft tissue release without femur osteotomy, as
described by Wu et al. [24]. We found that this technique
for hip reduction was very difficult and the risk of nerve in-
jury was high. Furthermore, extensive soft tissue release re-
duces muscle strength and may result in hip instability [26].
Therefore, for cases of high hip dislocation, we developed a
partial greater trochanter osteotomy method combined
with less soft tissue release during THA.
Figure 2 Total hip arthroplasty performed in a 51-year-old woman with left hip high dislocation using partial greater trochanter
osteotomy. (A) Preoperative. (B) Four years after THA.
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greater trochanter osteotomy [8], we do not perform a
complete greater trochanter osteotomy, but just strip the
attachment of the partial gluteus medius tendon in the
upper two-thirds and resect this part of the greater tro-
chanter. The insertion of the gluteus medius muscle in
the left greater trochanter is spared. Thus, we do not
need to repair the gluteus medius tendon or fix the
greater trochanter. Anatomical study shows that there is
no muscle or tendon attachment in some area of the lat-
eral facet of the greater trochanter [28]. Therefore, our
osteotomy technique causes less injury to the gluteus
medius muscle tendon attachment. Even so, there is stillFigure 3 Total hip arthroplasty performed in a 48-year-old woman w
trochanter osteotomy. (A) Preoperative. (B) Immediately postoperative.some fear that this osteotomy may result in postopera-
tive disattachment or disruption of the gluteus medius
muscle insertion, or may cause pain of the greater tro-
chanter. This was not observed in our short and mid-
term follow-up in the present study.
Subtrochanteric femoral shortening osteotomy [4-6] is
commonly used for neurovascular tissue protection and
hip reduction during THA in patients with high dislocated
hip. This technique carries a risk of nonunion, which will
increase the risk of early loosening of the prosthesis, and
the procedures are complex and require more operative
time. More importantly, low-limb length is sacrificed, and
disparity in low-limb length will aggravate limp, lumberith left high pathological hip dislocation using partial greater
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greater trochanter osteotomy method we describe herein
needs no further fixation, is easy to perform, simplifies the
surgical procedure, and saves operating time. Moreover,
our technique avoids the risk of nonunion and malunion,
and reduces rehabilitation time. Although the greater tro-
chanter is partially resected, this has no influence on fem-
oral prosthesis stability. However, lesser trochanteric
osteotomy sacrifices a small part of the proximal femoral
structure that is important for the rotational stability of
the hip [7].
Hip abductor weakness is a very important issue for pa-
tients with high dislocated hip. With the hip reduction,
normal hip biomechanics is restored and the abductor
tension is strengthened, and further improvement of ab-
ductor tension depends on the abductor muscle. In the
present series of patients, three hips showed a positive
Trendelenburg’s sign in the one-year follow-up after THA.
In these three hips, the abductor muscle was found to be
weak intraoperatively.
Nerve palsy is a serious complication after THA in the
high dislocated hip. No case of nerve palsy occurred in
our series of patients, although there were 8 limbs that
were lengthened more than 4 cm. The nerve injury after
THA might not only be associated with the amount of
limb lengthening [30], but also with the difficulty of the
surgery [31]. Our method of partial greater trochanter
osteotomy is relatively easy to perform and no extensive
soft tissue release is done. The operation is especially
easier than other various femur shortening osteotomies,
and decreases the probability of nerve injury.
The proximal femoral morphology in high dislocated
hip is not normal [32]; proximal femur deformity can
cause the greater trochanter to partly cover the opening
of the proximal femoral canal. Partial greater trochanter
resection may contributive to expose the proximal femoral
canal and femoral canal preparation. Intraoperative fem-
oral fractures occurring in this study were related to mis-
match between the proximal femoral canal and the
selected prosthesis, it could be avoided by appropriate se-
lection of a matched prosthesis or customized prosthesis.
The statistical power of our present study is limited by
the small sample size and relatively short follow-up period
although there is low incidence of high dislocated hip. Our
results indicate that further studies in a larger series of pa-
tients and long-term follow-up are warranted to confirm
the efficacy and safety of partial greater trochanter osteot-
omy during THA for patients with high hip dislocation.
Conclusion
Partial greater trochanter osteotomy in THA is relatively
easy to perform and effective in implementing hip re-
duction in patients with high dislocated hip. These early
results show promise. To confirm the safety and efficacyof this technique, a study with a larger series of patients
and long-term follow-up are warranted.
Abbreviations
THA: Total hip arthroplasty.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
KZW and RYL designed the study; YJW contributed to the measurements and
CYB wrote the draft of the manuscript; QCS and XQD collected the patient data
and Hip Harris scores. All authors read and approved the final version.
Acknowledgements
This study was supported by the National Natural Science Foundation of
China (grant No. 81101337), and the Fundamental Research Funds for the
Central Universities (grant No. XJJ20100207). We acknowledge Professor Qi
Lin (Department of Anatomy, Medical College, Xian Jiaotong University) for
his drawing of the osteotomy diagram.
Received: 8 May 2014 Accepted: 28 August 2014
Published: 4 September 2014
References
1. Hartofilakidis G, Stamos K, Karachalios T, Ioannidis TT, Zacharakis N:
Congenital hip disease in adults. classification of acetabular deficiencies
and operative treatment with acetabuloplasty combined with total hip
arthroplasty. J Bone Joint Surg 1996, 78:683–692.
2. Noble PC, Kamaric E, Sugano N, Matsubara M, Harada Y, Ohzono K, Paravic
V: Three-dimensional shape of the dysplastic femur: implications for THR.
Clin Orthop Relat Res 2003, 417:27–40.
3. Liu R, Wen X, Tong Z, Wang K, Wang C: Changes of gluteus medius
muscle in the adult patients with unilateral developmental dysplasia of
the hip. BMC Musculoskelet Disord 2012, 13:101.
4. McGrory BJ, Bal BS, Harris WH: Trochanteric osteotomy for total hip
arthroplasty: six variations and indications for their use. J Am Acad
Orthop Surg 1996, 4:258–267.
5. Bruce WJ, Rizkallah SM, Kwon YM, Goldberg JA, Walsh WR: A new
technique of subtrochanteric shortening in total hip arthroplasty:
surgical technique and results of 9 cases. J Arthroplasty 2000, 15:617–626.
6. Krych AJ, Howard JL, Trousdale RT, Cabanela ME, Berry DJ: Total hip
arthroplasty with shortening subtrochanteric osteotomy in Crowe type-IV
developmental dysplasia. J Bone Joint Surg Am 2009, 91:2213–2221.
7. Bao N, Meng J, Zhou L, Guo T, Zeng X, Zhao J: Lesser trochanteric
osteotomy in total hip arthroplasty for treating CROWE type IV
developmental dysplasia of hip. Int Orthop 2013, 37:385–390.
8. Lei P, Hu Y, Cai P, Xie J, Yang X, Wang L: Greater trochanter osteotomy
with cementless THA for crowe type IV DDH. Orthopedics 2013,
36:e601–e605.
9. Lewallen DG: Neurovascular injury associated with hip arthroplasty.
Instr Course Lect 1988, 47:275–283.
10. Masonis JL, Patel JV, Miu A, Bourne BB, McCalden R, MacDonald SJ,
Rorabeck CH: Subtrochanteric shortening and derotational osteotomy in
primary total hip arthroplasty for patients with severe hip dysplasia:
5-year follow-up. J Arthroplasty 2003, 18:68–73.
11. Reikeraas O, Lereim P, Gabor I, Gunderson R, Bjerkreim I: Femoral
shortening in total arthroplasty for completely dislocated hips: 3–7 year
results in 25 cases. Acta Orthop Scand 1996, 67:33–36.
12. Makita H, Inaba Y, Hirakawa K, Saito T: Results on total hip arthroplasties
with femoral shortening for Crowe’s group IV dislocated hips.
J Arthroplasty 2007, 22:32–38.
13. Eskelinen A, Helenius I, Remes V, Ylinen P, Tallroth K, Paavilainen T:
Cementless total hip arthroplasty in patients with high congenital hip
dislocation. J Bone Joint Surg 2006, 88:80–91.
14. Holinka J, Pfeiffer M, Hofstaetter JG, Lass R, Kotz RI, Giurea A: Total hip
replacement in congenital high hip dislocation following iliofemoral
monotube distraction. Int Orthop 2011, 35:639–645.
15. Lai KA, Shen WJ, Huang LW, Chen MY: Cementless total hip arthroplasty
and limb-length equalization in patients with unilateral Crowe type-IV
hip dislocation. J Bone Joint Surg 2005, 87A:339–345.
Liu et al. BMC Musculoskeletal Disorders 2014, 15:293 Page 6 of 6
http://www.biomedcentral.com/1471-2474/15/29316. Crowe JF, Mani VJ, Ranawat CS: Total hip replacement in congenital
dislocation and dysplasia of the hip. J Bone Joint Surg 1979, 61:15–23.
17. DeLee JG, Charnley J: Radiological demarcation of cemented sockets in
total hip replacement. Clin Orthop Relat Res 1976, 121:20–32.
18. Gruen TA, McNeice GM, Amstutz HC: “Modes of failure” of cemented
stem-type femoral components: a radiographic analysis of loosening.
Clin Orthop Relat Res 1979, 141:17–27.
19. Harris WH: Traumatic arthritis of the hip after dislocation and acetabular
fractures: treatment by mold arthroplasty. an end-result study using a
new method of result evaluation. J Bone Joint Surg 1969, 51:737–755.
20. Khan RJ1, Yao F, Li M, Nivbrant B, Wood D: Capsular-enhanced repair of
the short external rotators after total hip arthroplasty. J Arthroplasty 2007,
22:840–843.
21. Tsai SJ, Wang CT, Jiang CC: The effect of posterior capsule repair upon
post-operative hip dislocation following primary total hip arthroplasty.
BMC Musculoskelet Disord 2008, 9:29.
22. Widmer KH, Zurfluh B: Compliant positioning of total hip components for
optimal range of motion. J Orthop Res 2004, 22:815–821.
23. Zhao X, Zhu ZA, Xie YZ, Yu B, Yu DG: Total hip replacement for high
dislocated hips without femoral shortening osteotomy. J Bone Joint Surg
Br 2011, 93:1189–1193.
24. Wu X, Li SH, Lou LM, Cai ZD: The techniques of soft tissue release and true
socket reconstruction in total hip arthroplasty for patients with severe
developmental dysplasia of the hip. Int Orthop 2012, 36:1795–1801.
25. Yan F, Chen G, Yang L, He R, Gu L, Wang F: A reduction technique of
arthroplasty without subtrochanteric femoral shortening osteotomy for
the treatment of developmental high dislocation of hip: a case series of
28 hips. J Arthroplasty in press.
26. Liu R, Li Y, Bai C, Song Q, Wang K: Effect of preoperative limb-length
discrepancy on abductor strength after total hip arthroplasty in patients
with developmental dysplasia of the hip. Arch Orthop Trauma Surg 2014,
134:113–119.
27. Plausinis D, Haddad FS, Oxland TR, Duncan CP: Trochanteric slide osteotomy:
biomechanical considerations. Instr Course Lect 2001, 50:247–252.
28. Gardner MJ, Robertson WJ, Boraiah S, Barker JV, Lorich DG: Anatomy of the
Greater Trochanteric ‘Bald Spot’: a potential portal for abductor sparing
femoral nailing? Clin Orthop Relat Res 2008, 466:2196–2200.
29. Nagoya S, Kaya M, Sasaki M, Tateda K, Kosukegawa I, Yamashita T:
Cementless total hip replacement with subtrochanteric femoral
shortening for severe developmental dysplasia of the hip. J Bone Joint
Surg Br 2009, 91:1142–1147.
30. Nercessian OA, Piccoluga F, Eftekhar NS: Postoperative sciatic and femoral
nerve palsy with reference to leg lengthening and medialization/
lateralization of the hip joint following total hip arthroplasty. Clin Orthop
Relat Res 1994, 304:165–171.
31. Eggli S, Hankemayer S, Müller ME: Nerve palsy after leg lengthening in
total replacement arthroplasty for developmental dysplasia of the hip.
J Bone Joint Surg 1999, 81B:843–845.
32. Xu H, Zhou Y, Liu Q, Tang Q, Yin J: Femoral morphologic differences in
subtypes of high developmental dislocation of the hip. Clin Orthop Relat
Res 2010, 468(12):3371–3376.
doi:10.1186/1471-2474-15-293
Cite this article as: Liu et al.: Partial greater trochanter osteotomy for
hip reduction in total hip arthroplasty for high dislocated hip: a
preliminary report. BMC Musculoskeletal Disorders 2014 15:293.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
